Summary Seven cultivars were planted at different locations and dates to obtain estimates of genotypic and environmental variability. The characters tested were found to be significantly affected by both location and planting date. The Q carotene and ascorbic acid were found to be heritable to an appreciable degree, and are suspected to be under multigenic control. j3 carotene was significantly and negatively correlated with colour while the ascorbic acid contents were significantly and positively correlated with the reducing sugars of the seven cultivars.
Introduction
Fruits and vegetables, either processed or `fresh', are the chief sources of dietary vitamins for primates.
Tomatoes contribute to vitamins A and C through their precursors, j9 carotene and L-ascorbic acid. The daily dietary requirements of vitamins A and C are 4000 I. U. and 75 mg per adult, respectively (11).
Vitamin A occurs only in animal tissues. Although plants are devoid of vitamin A they contain carotenes which are precursors of vitamin A in mammals.
Of the carotenoid pigments found in plants, a and r carotenes are not very important because one of their two rings differs from retinol. Vitamin A is synthesized from retinol (19).
A deficiency of vitamin A in man results in impared growth and a condition known as `xerophthalmia', a disturbance of epithelial tissues and night blindness (7) .
Two naturally occuring compounds have been found to have antiscorbutic activity; these are ascorbic acid (AA) and its oxidation product, dehydroascorbic acid (DHAA) which has 80100% of the activity of AA.
Diketogulonic acid (DKGA) which is a further breakdown product of DHAA is not biologically active.
In most food-stuffs the levels of DHAA and DKGA are very low and the level of vitamin C activity is often obtained by estimating the level of AA alone (3, 4) .
A method has, however, been developed by Wimalasiri and Wills (20) for the simulatamous determination of AA and DHAA by liquid chromatography. During food processing, losses of carotenoids and ascorbic acid occur. It is, therefore, important that tomato cultivars used for processing should have high vitamin contents. Attempts have been made to increase the vitamin content by breeding and selection of new cultivars, and a strong indication that this is possible has been given (10) .
The vitamin contents also vary according to cultivars, season, climate, maturity and duration of storage (2, 6, 15) . So far, there is no information on the genetic and environmental controls of the carotene and ascorbic acid contents of processing tomatoes, especially for the low latitude humid tropical environment. The present study presents results on these important nutrients and the relative roles of heritable factors and non-heritable components of variation. The fields used in the experiments were left fallow for five years before being used in the experiment.
ESTIMATES OF GENETIC AND ENVIR
The layout was a randomized complete block design with five replications.
Prior to planting, 30 tonnes per hectare of farmyard manure, and 165 kg/ha of P203 (as single superphosphate)
were applied as basal dressings in ridges 60 cm apart.
Seedlings were transplanted in the cool of the evening at a spacing of 45 cm within the row and capped with twigs.
The ridges were mulched with dry grass.
The dry season (February) planting was irrigated and the June planting was rain-fed.
Weeding was done at intervals of 3 weeks and a top dressing of NK fertilizer was applied at the rate of 200 kg of N and 300 kg of K20 per hectare, when the first flower truss was observed.
Weekly spraying with Dithane M-45 and Vetox 85 was done to control fungal diseases and insect pests, respectively.
Spraying was stopped at the commencement of harvest.
Harvesting fruits at the breaker stage, was at weekly intervals.
Fruits were allowed to ripen fully at room temperature (25°C±2. 5 C), in the laboratory.
The /3 carotene was estimated by chromato-ONM ENTAL VARIABILITY OF (3 CAROTENE 439 graphic seperation and reading in a spectrophotometer (Spectronic 70) according to the method of Work (21). The ascorbic acid was determined by the method of Uni-Lever (18), which involved titrating for L-ascorbic acid.
Statistical analysis All data were analysed using statistical methods of Little and Hills (9) and Steel and Torrie (16). A Bartlett's test of homogeneity was performed before data for seasons and locations were pooled. The mean of four determinations was used and the total degrees of freedom for error were 109.
Genetical analysis
The method for the analysis of genetic and environmental variability of Osman and Khidir (13) was used, while heritability was calculated by the method of Allard (1).
Results Table 1 and 2 show the mean values of /3 carotene and ascorbic acid at Nsukka and Nkpologu, respectively, for the two planting dates.
Because it was suspected that correlations might exist between /3-carotene and fruit colour, and between ascorbic acid and reducing sugars, the appropriate values have been included in tables 1 and 2.
`UC -82' had the highest carotenoid content, followed by `Supersonic', `Alpha' and 'UN -81' , in that order at both planting dates and locations (Tables 1 and 2 ). `Round Red' had the lowest, `Roma VF' and `Ife No. l' were intermediate.
In all cases, although there were variations in values among cultivars, they maintained the same order of superiority.
The February planting at Nkpolugu gave significantly higher /3 carotene contents than for the Nsukka location at the same planting date, thus indicating a significant effect due to location. It was observed that the dry season (February) planting gave higher values than the June planting in both locations, indicating that season also had a significant effect on the /3 carotene content (Tables 1 and 2) .
Colour was more intense at Nkpologu in the February planting than at Nsukka for Tables  1 and 2 ). The ascorbic acid contents of the tomato cultivars at the February planting were significantly higher than for the rainy season planting in either location ( Table 2) . The Nkpologu location also gave significantly higher ascorbic acid values than Nsukka, indicating a significant (P<0.05) location effect ( Table 2) .
For reducing sugars, `Round Red' was found to be highest, although it did not differ significantly (P<0. 05) from `Roma VF' and 'UN-81'.
`Supersonic', `Alpha and `Ife No . l' were significantly lower than the aforementioned, but did not differ significantly from one another (P<0.05) ( Tables 1  and 2 ). `UC-82' had the lowest value for reducing sugars. Table 3 , shows the variance values due to the sources of variation for ~3 carotene and ascorbic acid. Variations were due more to the genotype, but both location and season had significant effects on these constituents of the tomato cultivars.
No significant interactions (P<0. 05) were observed for either the 3 carotene or the ascorbic acid. Table 4 gives the relative contributions to the genotypic and environmental variability for 3 carotene and ascorbic acid, as well as their heritability estimates.
The values show that the magnitude of variation in sample values due to environmental sources is almost the same as the variation due to genetic sources, for both constituents. Heritability of the constituents is adequate, being 51.78 for j3 carotene and 55.83% for ascorbic acid (Table 4) . Table 5 gives the correlation values for j3 carotene correlated with colour, and the values of reducing sugars correlated with ascorbic acid. The j9 carotene when correlated with colour gave significant, negative values for the June planting (P<0.05) and for the February planting (P<0. 01) at Nsukka. The ascorbic acid content was significantly and positively correlated with reducing sugars; (P<0. 01) forr both plantings at Nsukka and for the February planting at Nkpologu, and (P0. <05) for the June plantings at Nkpologu.
Discussion
The range of values for carotene and ascorbic acid were well within those reported by Henshall (5), Tsou and Chiu (17).
The variation in values of j3 carotene and ascorbic acid were very much affected by both the environment and the genotype ; this is in agreement with the observations of Klein and Perry (6) . However, the effect of genotype out-weighted the effect of environment.
There were no significant genotypic x environmental interactions indicating that clutivars maintained their relative positions in different seasons and at different locations.
The environmental variations were due to both location and season. The variation in the latter was very pronounced in the Nkpologu location where /3 carotene and ascorbic acid values were higher in the February planting than under other tested conditions.
The carotenoids are major constituents of colour; they are, therefore, expected to have significant correlation with colour density.
Because the colour values are given as percentage light transmitted, the better the colour the lower the light transmitted.
This accounts for the negative relationship between colour and /3 carotene, for as the carotenoids increase the light transmittance decreases and the colour becomes better.
Colour development has been shown to be better in bright sunlight than in the cloudy and overcast sky condition in which June planted crops grew (12, 22). The better colour development under the bright sunshine and clear sky in theFebruary planting at Nkpologu may account for the higher carotenoid development under the latter environment. Shinohara et al. (14) observed that ascorbic acid contents are high in bright sunlight; therefore, the higher values of ascorbic acid obtained in February at Nkpologu may also be due to the brighter sunshine. The variations in ascorbic acid are, therefore, attributable to both genetic and environmental sources. The correlations between reducing sugars and ascorbic acid were positive and significant, showing that the ascorbic acid content was related to the levels of reducing sugars. This is to be expected as ascorbic acid is derived from carbohydrates.
Also this finding is in agreement with the findings of Le Riche (8) .
The heritabilities were about average, indicating that although the contents of j3 carotene and ascorbic acid in the fruit were under genetic control they were also signifi-AND UZO, J. 0. cantly affected by the environment.
In self pollinating species like tomato, therefore, improvements in the quality attributes could be achieved by selection (10) .
Conclusion
The 
